Persons with HIV infection sometimes develop aggressive psoriasis or Kaposi's sarcoma (KS) not usually seen in other immunosuppressed patients. However, a specific and direct pathophysiological role for HIV-1 in these AIDS-associated disorders remains unclear since HIV has not been easily detected in these skin lesions. By combining in situ hybridization with the sensitive detection technique of confocal laser scn microscopy, we have demonstrated HIV RNA transcripts in 5 of 15 lesional skin biopsies from HIV-infected psoriasis patients, and in 3 of 8 Kaposi's sarcoma biopsies from HIV-infected patients. HIV transcripts were not detected in normal appearing skin from HIV-infected patients or in psoriatic and normal skin biopsies from uninfected individuals (P = 0.006). Although previous attempts to demonstrate viral sequences in psoriasis and KS lesions have been unsuccessful, in situ hybridization with confocal microscopy has shown the presence of HIV RNA transcripts predominantly within CD4', Factor XIIa positive dermal dendrocytes. HIV or cytokines produced by infected cells in skin lesions may therefore play a direct role in the pathogenesis of HIV-associated psoriasis and KS. (J. Clin.
Introduction
Patients infected with HIV frequently develop cutaneous manifestations including severe psoriasis (1, 2) , Reiter's syndrome (3) , and disseminated Kaposi's sarcoma (KS)' (4) . The pathogenesis of these diseases in general is unknown. The possibility of a direct role for HIV in cutaneous diseases is raised by the introduction of HIV proviral or transactivating tat sequences into transgenic mice (5, 6) . In both transgenic mice strains, epidermal hyperproliferation was evident, but in mice with proviral HIV, histologic features of psoriasis (acanthosis and parakeratosis) were also present (6) . Male offspring of mice transgenic for tat developed vascular lesions which were similar histologically to Kaposi's sarcoma (5) . In human skin biopsies from AIDS/KS patients studied using immunofluorescence and electron microscopy, Langerhans cells (LC) were shown to be infected with HIV (7) . However, other investigators have failed to demonstrate in vivo infection by HIV-1 of LCs from normal skin biopsies of HIV seropositive patients using immunohistochemical techniques (8) or using in situ hybridization, the polymerase chain reaction, and transmission electron microscopy (9) . Thus, whether LCs are infected in lesional skin of HIV infected patients remains controversial.
Nickoloff et al. recently demonstrated that both KS and psoriatic lesions contain abundant dermal dendrocytes that are of monocytic origin, distinct from LCs, because they do not express CD1 and are recognized by their expression of Factor XIIIa (10, 1 1). These dermal dendrocytes were suggested to be candidates for HIV-l infection because oftheir phagocytic potential as well as expression ofCD4, lymphocyte function-associated antigen (LFA-1), and intercellular adhesion molecule (I-CAM-1) (1 1). Moreover, dermal dendrocytes have been suggested to be the proliferating cell in KS (10, 11) and to be capable of stimulating endothelial, epidermal, and mononuclear cell proliferation via cytokines (6, 10) . KS cells are known to produce cytokine RNAs for IL-lB and basic fibroblast growth factor (bFGF), which could stimulate endothelial cell and KS cell proliferation (12, 13) . However, because genomic sequences of HIV and other viruses have not been detected in KS, an indirect role for HIV has been suggested (14-16).
These observations led to the hypothesis that HIV infection of keratinocytes and/or dermal dendrocytes might be a factor in the pathogenesis of HIV-associated psoriasis and KS. To examine this hypothesis, we used in situ hybridization (17) and confocal laser scanning microscopy (18) to examine skin biopsies from HIV-infected patients and normal controls.
Methods
Control and test specimens. All patients and controls gave informed consent in accordance with a protocol approved by the Institutional Review Board. HIV infection was confirmed by Western Blotting (Dupont Co., Wilmington, DE) and all patients had routine biopsies clinically diagnostic of psoriasis or Kaposi's sarcoma (Table I ). All skin biopsies obtained were immediately fixed in 4% paraformaldehyde for 3-4 h and then embedded in paraffin.
Slide preparation (19) . To through alcohol series, slide preparations were acetylated with 0.1 M triethanolamine (pH 8.0) and 0.25% acetic anhydride x 10 min. Slides were then treated with 0.1 M tris HCL (pH 7.0) and 0.1 M glycine X 30 min followed by proteinase K (Sigma Chemical Co.) 1 sg/ml at 37°C X 30 min. To ensure that hybridization of HIV probe was to viral RNA, not DNA, sections were not subjected to denaturing to prevent DNA strand separation. Hybridization was performed in 50% formamide, 2 X SSC, and 100 mM DTT for 3 h at 52°C. Slides were then incubated in 50% formamide/2 X SSC at 52°C X 20 min, treated with ribonuclease A and Tl (Sigma Chemical Co.) for 30 min, and dehydrated in ethanol. Slides were autoradiographed with Eastman Kodak NTB2 emulsion, exposed at 4°C for 7-10 d, developed in Dektol developer, and stained with geimsa or hemotoxylin and eosin stain.
Immunoperoxidase staining (11). In order to colocalize HIV transcripts within cells, immunoperoxidase staining was performed after the hybridization washes and before emulsion was applied. Antibodies were selected based on their ability to be used on paraffin embedded fixed tissue. A polyclonal rabbit antibody to Factor XIIIa (Calbiochem Corp., La Jolla, CA) 1:400 dilution and antibodies to S-I00 (staining melanocytes and Langerhans cells) and to UCHL-I (T cells) were purchased from Dako, Santa Barbara, CA and used at 1:250 dilution. After in situ hybridization, serial sections were rehydrated and incubated with phosphate buffered saline at 37°C for 30 min. Endogenous peroxidase was blocked with 1% H202 in methanol for 20 min. An avidin-biotin peroxidase technique (Vecta-stain ABC kit; Vector Laboratories, Burlingame, CA) was used for antibody detection with 3-amino 9-ethyl carbazole as the chromagen. After autoradiography, sections were counterstained with 1% hematoxylin.
Laser scanning confocal microscope analysis. No specific hybridization was observed in patients studied using the negative control PGEM riboprobe (Fig. 1, A and B ).
All patients' skin biopsies demonstrated strong hybridization to basal epidermis using a positive control antisense keratin riboprobe (Fig. 1, C and D) . These two probes were selected to control for the high background in skin specimens, the vector used (pGem), and to confirm the presence of mRNA in biopsies (keratin). Ofinterest is that Leonard et al. reported that the stratum corneum and hair follicles in skin biopsies from HIV proviral transgenic mice hybridized to an HIV probe (6). Although a similar pattern of hybridization was seen in biopsies with both the HIV riboprobe and the PGEM probe, when viewed with the confocal microscope, this appeared to be nonspecific hybridization in our biopsies.
Positive hybridization in HIV-infected patients with psoriasis (Figs. 2 and 4) was detected in either cells of the dermal papillae or along the dermal/epidermal junction as noted in Table I . Table I ). The area indicated by the white square (shown in Fig. 2 A) was bleached by the scanning laser beam. The enhanced confocal image of the enlarged area (Table I) showing positive hybridization within both epidermal and dermal cells is shown in Fig. 2 , C and D. Three of eight HIV infected patients with KS had HIV viral transcripts detectable within the KS lesions (Figs. 3 and 5 ). Fig. 3 shows hybridization in two dermal spindle-shaped cells of a KS lesion (patient 12, Table I ). This patient also had HIV transcripts within psoriasis lesions. Paired specimens comparing lesional versus nonlesional skin were examined in four HIV-infected patients (patients 7, 1 1, 19, and 20 from Table I ) and one HIV-infected patient with dysplastic nevi (22) . Two of four lesional biopsies (one psoriasis, one KS) revealed HIV transcripts, while all paired nonlesional skin biopsies from HIV-infected patients remained negative by in situ hybridization. Although Duvic et al. previously noted an association with dysplastic nevi in AIDS patients (22), HIV was not present within three dysplastic nevus biopsies studied by in situ hybridization.
Because identification of the cells containing HIV transcripts is of great interest, we next performed colocalization studies on all positive cases available using antibodies that can be used in fixed tissue: Factor XIIIa, S-100, and UCHL-1. Using a highly sensitive immunoperoxidase staining technique for Factor XIIIa, as previously described (10, 1 1 (Fig. 4 E, arrows).
Two previously positive Kaposi's lesions (from patients 14 and 20) had HIV transcripts within dermal dendritic cells costained with Factor XIIIa (Fig. 5, A and B, see arrows, patient 14). However, probe was also localized in three other nondendritic cells as a rare event. Shown in Fig. 5 , C and D are two basal epidermal cells, one of which stained with S-100 (left arrow). UCHL-1, which stains T cells, stained several HIV positive cells with the appearance of lymphocytes. One is shown from the dermis ofa Kaposi's sarcoma lesion (Fig. 5, E , F, and G). As in psoriasis biopsies, the dermal dendrocytes were the main cells containing HIV RNA transcripts, at a frequency of 10%.
To demonstrate the specificity of the HIV antisense probe, serial sections were hybridized to two different HIV antisense probes and compared with a sense HIV probe (Fig. 6) . A strongly positive dermal dendrocyte near a vascular slit (Fig. 6 A) stained with Factor XIIIa (Fig. 6, B) . Using the Oncor HIV antisense probe (Fig. 6, C and D, and E and F) , the cell showed HIV transcripts and was similar to the second HIV antisense probe (data not shown). There was no hybridization with the sense HIV negative control probe (Fig. 6, G and H) , as shown by confocal image enhancement and confocal dark field.
Discussion
We postulate that the use of an HIV riboprobe with high specific activity combined with a sensitive detection system of confocal microscopy explain why we have demonstrated HIV transcripts successfully using in situ hybridization. Difficulties in analyzing in situ hybridization result from contribution of signals from above or below the plane offocus. Silver grains are often positioned at various levels within the emulsion and thus some grains are not visible or appear out of focus by conventional light microscopy (17) . Confocal microscopy has been shown theoretically and practically to improve resolution over conventional light or dark field microscopy by providing optical sections of specimens (18, 23) . The confocal laser scanning microscope, configured to image reflected light, greatly enhances in situ detection by focusing precisely on a shallow plane above the cells within the photoradiographic emulsion where the silver grains accumulate (18) . Any part ofthe sample which is outside a narrow depth of focus is not reimaged at the confocal aperture, thus eliminating most out-of-focus background (23, 24) .
In Fig. 1 A, the bright field image (left) is in the plane of focus of the cells and the confocal image (right) reveals the background reflectance caused by the randomly distributed silver grains. In contrast, in Fig. 1 B, the bright field image is above the plane offocus ofthe cells (plane ofthe emulsion) and the corresponding confocal image shows no specific hybridization. Fig. 1, A and B show the nonspecific background caused by random hybridization with the plasmid pGEM probe (negative control). In Fig. 1 C, the bright field image is within the plane of emulsion, and the confocal image reveals the specific hybridization of the keratin riboprobe to the basal epidermis. An overlay of the bright field image of Fig. 1 C and a color enhanced confocal image is shown in Fig. 1 D. Although there is evidence for an indirect role for HIV in causing KS and psoriasis via cytokine production (12-15), our results also support the hypothesis that HIV could also have a direct role in their pathogenesis. Recent findings by Ensoli et al. that the tat protein induces KS cell growth, further support a direct role of HIV in the formation of these lesions (25) . A direct role may also be suggested by the observation that AIDS patients receiving zidovudine (AZT), which inhibits viral transcription, have a rapid and dramatic clearing of their psoriasis (26) . Likewise, zidovudine and a-interferon combination therapy also has resulted in improvement or even resolution ofKS lesions in HIV-infected patients (27) . Shaw et al. have reported HIV in monocytic cells of central nervous system lesions in patients with AIDS dementia using in situ hybridization (28) , while others have reported a decrease in HIV transcripts after administration of zidovudine (29) . However, we were unable to show a correlation between the use of zidovudine and the presence of HIV transcripts in psoriatic or KS lesions in this small study.
The significance ofRNA transcripts in skin cells could have many implications. Skin, especially mucous membranes, might be the site of initial HIV infection with resultant spread to other susceptible populations such as T cells (30) or Langerhans cells. However, we found little evidence for Langerhans cell infection in the lesions studied. It is possible that the reduced numbers of Langerhans cells in HIV patients reported by Belsito (31) may make these cells difficult to find. We cannot say for certain whether the heavily labeled basal cells seen in two psoriasis lesions or in one KS lesion (with positive S-l00 staining) were Langerhans cells or melanocytes. Presence of viral transcripts within keratinocytes is suggested in two psoriasis biopsies (patients 1 and 1 1) with advanced AIDS. Lewis et al. have shown that the number of HIV infected peripheral blood cells increases with stage of disease by similar in situ hybridization studies (32) . Keratinocytes could theoretically acquire HIV by nonspecific phagocytosis in spite of the fact that they lack CD4 receptors. Furthermore, since psoriatic epidermal non-LC antigen presenting cells activate T cells (33) , infected psoriasis lesions might also trigger HIV replication in skin.
The predominant HIV infected cells in both KS and psoriasis are dermal dendrocytes of monocytic origin, which express CD4+, LFA-1, and Factor XIIIa (1 1). These cells may act as a reservoir for virus, express cytokines (9-1 1), and/or produce viral proteins like tat (25) , which could lead to proliferative skin disease (12) (13) (14) . These cells are probably bone marrow derived and may, like Langerhans cells, alternate between skin and lymphoid tissue. Unrelated to HIV infection, both psoriasis and KS lesions share angiogenesis as well as abundant dermal dendrocytes as histopathologic features (1 1). In psoriasis, epidermal proliferation is pronounced and angiogenesis is an early and mild feature, while in KS, angiogenesis predominates. Because other skin diseases characterized by increased dermal dendrocyte populations including granuloma annulare, cutaneous T cell lymphoma, and dermatofibromas are characterized by epidermal hyperproliferation, cytokines produced by dermal dendrocytes may drive this hyperplasia (1 1).
HIV-I RNA sequences in the skin associated with psoriatic and KS lesions from HIV-infected patients suggest that a direct role of HIV in the pathology of these lesions cannot be ruled out, or infected dermal dendrocytes may, through cytokine production, indirectly produce these lesions (12) (13) (14) . Further studies with patients before and after AZT therapy are necessary to see whether clinical improvement is mirrored by decreased production of HIV transcripts in the skin. The development of future antiviral drug strategies must now consider the possible presence of HIV within the skin, as well as in the central nervous system (29) , as a continued source of viral transmission and latency.
